Abstract. [Purpose] This study examined how an ankle-foot orthosis (AFO) influences the weight-bearing of chronic stroke patients during the performance of five functional standing tasks. [Subjects and Methods] Sixteen patients with stroke participated in this experiment. The subjects performed functional standing tasks with or without the AFO and weight bearing was measured during the tasks.
INTRODUCTION
Weight-bearing ability has a major influence on the functional behavior of stroke patients 1) . The degree of weightbearing asymmetry while standing still is related to motor function in stroke patients, and the ability to shift weight in the forward and lateral directions is known to be highly related to walking ability 2) . Cheng et al. reported that weightbearing asymmetry while rising from a chair increases the likelihood of falls in stroke patients 3) .
Strokes can manifest various clinical signs depending on the level and location of the cerebrovascular disease. One of the most common problems is a change in weight-bearing asymmetry during exercise or in a standing position 4) . The primary goal of functional rehabilitation for a patient with stroke-induced hemiplegia is to reduce the asymmetry of weight bearing 5) .
An ankle-foot orthosis (AFO) is generally used to improve a hemiplegic patient's weight transfer and gait. The AFO partially corrects abnormal gait such as foot drop during the swing phase, anteroposterior instability of the ankle and improper push off during the stance phase 6) . Moreover, it also supports and protects ankle joints, as well as correcting movements and helping fixation 7) . The AFO also increases the body's weight-bearing on the affected side by improving the control ability of equinus or varus ankles, and reduces energy consumption while the wearer is walking 8) .
Eng and Chu evaluated weight bearing based on five functional standing tasks: rising from a chair, quiet standing, lateral weight shift, forward weight shift, and backward weight shift 1) . The current study examined how an AFO influences the weight bearing of chronic stroke patients during the performance of these five functional standing tasks.
SUBJECTS AND METHODS
The subjects were 16 patients who had been diagnosed as having unilateral brain damage based on CT and MRI results. They were inpatients of F Hospital in Daegu between May and July 2014. The study subjects were chosen based on the following criteria: over six months since stroke onset; the patient had been prescribed an AFO by a rehabilitation medicine specialist; the patient had an MMSE-K score of 24 or over; the patient was able to stand up from a chair independently and had a Modified Ashworth Scale rating of 0 to while 1 using the AFO. The study excluded patients who were incapable of training, such as high-risk heart disease patients, patients with internal diseases, and patients with musculoskeletal disorders (Table 1) . This study was approved by Daegu Fatima Hospital Institutional Review Board and consent was obtained from the subjects after the purpose of the study had been fully explained to them.
All of the study participants performed the five functional standing tasks suggested by Eng and Chu, and their weight bearing was measured on the affected side and on the unaffected side while they performed each of the 5 tasks 1) . Each of the standing tasks was performed five times by each patient while wearing an AFO and five times while not wearing an AFO. In this study, the results of the first and last trials were excluded and the mean values of the results of the middle three trials were calculated.
The five functional standing tasks were: standing on both feet (task 1, rising from a chair; task 2, quiet standing) one foot (task 3, lateral weight shift; task 4, forward weight shift, and task 5, backward weight-shift). The location of the feet and the force measuring plates are shown in Fig. 1 . Each task was performed using the following processes. In task 1, weight bearing was measured at the time the buttocks detached from the chair. In task 2, weight bearing was measured while the patient maintained a comfortable standing position. In tasks 1 and 2, the subjects were asked to stand with their feet shoulder width apart. They were also asked to load their weight evenly on both feet and to maintain that stance for two seconds. In task 3, the subjects were asked to stand with their feet shoulder width apart and place maximum weight on one foot. In task 4, the subjects were asked to put one foot in front of the other and place maximum weight on the front foot. They were then asked to place the heel of the front foot and the toes of the back foot on the same line and to maintain a width of one foot between the two feet. In task 5, the subjects were asked to put one foot behind the other and place maximum weight on the back foot. Their posture during this stance was the same as for task 4. When performing tasks 3, 4, and 5, they were asked to load their maximum weight on one foot while keeping the other foot on the ground and were asked to maintain that position for two seconds. They were then tested again using the opposite foot.
The patients performed all the tasks barefoot and the tasks were also performed randomly to eliminate learning effects.
Two force measuring plates (PDM-Multifunction Force Measuring Plate, zebris ® Medical GmbH, Germany, 2004) were fixed firmly to the floor to measure the load on both lower limbs. One more plate was placed under the chair to detect the point at which the buttocks detached from the chair. The force plates measure static pressure and dynamic pressure using 1,504 pressure sensors, each one covering 1 cm 2 on a 32 × 47 cm plate. The force data was sampled at 600 Hz.
In this study, the weight-bearing values were measured in Newtons and normalized by body weight to calculate the weight-bearing ratio. In the case of weight-bearing tasks using both feet (tasks 1 and 2), the measured value was divided by half the patient's weight the body-weight ratio. In the case of weight-bearing tasks using one foot (tasks 3, 4, and 5), the measured value was divided by the patient's whole weight to calculate the body-weight ratio.
PASW 18.0 for Windows was used to analyze the results. The Mann-whitney test, which is a non-parametric test, was performed to compare the results of with and without an AFO of the affected and unaffected sides.
RESULTS
Patients showed increased weight-bearing ability on the affected side while wearing the AFO in all tasks, and significant differences (p<0.05) were found among tasks 1, 2, and 3 ( Table 2 ). Patients showed a small amount of increased weight bearing on the unaffected side while wearing the AFO in all tasks except for Task 2. In Task 2, weight bearing significantly decreased (Table 3) .
DISCUSSION
While a healthy person can maintain almost symmetric weight support when standing up or standing upright 9) , this is very difficult for hemiplegic patients 10) .
When a hemiplegic patient performs the task of rising from a chair balanced weight bearing on both feet decreases the risk of fall 3) . According to the results of this study, patients wearing an AFO on the affected side increased their weight bearing load from 78.67% to 100.83% while performing the task of rising from a chair. Cakar et al. reported that wearing an AFO improves a hemiplegic patient's rising from a chair task performance 11) , which is in agreement with the results of this study, indicating that wearing an AFO reduces the asymmetry of weight bearing.
Eng and Chu reported that there is a lower weight-bearing ratio on the affected side compared to the unaffected side when a hemiplegic patient performs the quiet standing task 1) . Many studies have reported that an AFO increases the weight-bearing ratio on the affected side in the static standing task 4, 8, 12, 13) . The results of the present study show that wearing an AFO increased the weight-bearing ratio on the affected side from 79.91% to 92.15% when the hemiplegic patients performed the quiet standing task, suggesting that an AFO improves static balancing ability. Hemiplegic patients experience motor and sensory disability with abnormal body balance and asymmetric posture. In particular, they have difficulties with weight shifting and with the ability to transfer their weight in various directions 12) . Some studies have reported that wearing an AFO improves gait speed and balance 14, 15) . Sackey reported that improved weight-shifting ability correlates with improvements in gait 2) . Among weight-shifting tasks, Eng and Chu reported that transferring weight in a lateral direction is the easiest (due to the passive structure of the hip and knee, as well as the inherent stiffness of the trunk and SI joint), while transferring weight in a forward direction is the most difficult (as continuous muscle contraction and trunk motion control are required to maintain the knee joint) 1) . The results of this study are similar to those of Eng and Chu. The weight-bearing values were largest in the order of lateral, backward, and forward directions. After wearing the AFO, the patients' weight-bearing ratios increased in all weightshifting tasks. Thus, it is clear that wearing an AFO allows hemiplegic patients to shift weight more easily in various directions thereby improv their gait ability.
This study had limitations with regard to the generalization of the results, as the number of subjects who met the selection criteria was relatively small. In future studies, it will be necessary to increase the number of subjects in order to assess the effect of an AFO on weight-bearing ability in acute and subacute stroke patients.
